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Organic geochemistry and petrography of Spanish oil shales
Michael A. Kruge and Isabel Suarez-Ruiz*
Department of Geology, Southern Illinois University, Carbondale, IL 62901, USA
*Departamento de Petrografia, lnstituto Nacional del Carbón (C.S.I.C.), La Corredoria s/n,
Ap. Co. 73, 33080 Oviedo, Asturias, Spain
Abstract. Four of the principal oil shale units of Spain were examined by organic
geochemical and petrographic methods. The samples included three lacustrine shales
(Carboniferous from Puertollano, Cretaceous from Llames and Miocene from Rubielos de
Mora) and one marine shale (Lower Jurassic from Punta del Cuerno ). The petrographic
observations show a dominance of liptodetrinite associated with bitumen-stained mineral
matter and alginite, as well as a paucity of structured terrestrial organic matter. Geochemical
work shows that the soluble organic matter is a mixture of terrestrially derived and aquatic,
with the lacustrine samples having the strongest land plant signatures. Low values of
reflectance and fluorescence maturity parameters and the presence of thermally unstable
biological markers indicate that the samples are all immature, although the Carboniferous
sample is approaching the oil window. Microfluorimetric maturity assessment is optimized in
immature samples if measurements are restricted to a single liptinitic component, such as
Botryococcus in the Spanish lacustrine shales.
(Keywords: oil shale; organic petrology; biological markers)
This study is an organic geochemical and petrographic survey of four of the principal
oil shale units in Spain. The oldest of the series (sample CP) is Carboniferous (upper
Stephanian B) from Puertollano in Ciudad Real province of central Spain, deposited in a
lacustrine environment (Figure 1). The second sample (JP) is a Lower Jurassic
(Pliensbachian) marine shale from Punta del Cuerno in the province of Cantabria in northern
Spain1. The third sample (KL) is a Cretaceous lacustrine rock from Llames in Asturias
province of northern Spain. The youngest sample (MR) is from a Miocene lacustrine deposit
at Rubielos de Mora in Teruel province, north-eastern Spain2.
EXPERIMENTAL
The organic petrographic determinations were made on partly demineralized
(HCI/HF) samples, using both white and blue light, counting 600 points per sample.
Fluorescence spectra were collected using a microscope. Reflectance measurements were
made on huminite, the vitrinite precursor, due to the low maturity of the samples. The
microfluorimetric parameters used include the spectral quotient Q (the ratio of fluorescence
intensity at 650 nm to that at 500), 𝜆max (the wavelength of maximum fluorescence intensity),
and the chromaticity x-axis component. Chromaticity determination is a technique for
objective colour assessment often used by the paint and dye industries. Two parameters ('X'
and 'Y') are generated from analysis of a visible light spectrum and cross-plotted on a
standard colour chart. The X parameter has been shown to increase with maturation3.
Approximately 50 g of powdered rock were extracted with dichloromethane in a
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soxhlet apparatus and, after drying and weighing, fractionated by open column liquid
chromatography, using activated silica gel, eluting with n-C6H14, n-C6H14:CH2Cl2 9:1,
CH2Cl2 and CH2Cl2:CH3OH 1:1, giving the saturate, aromatic and two polar fractions,
respectively. The saturate fractions were analysed by gas chromatography-mass spectrometry
(g.c.-m.s.) with a 25 m OV-1 column (0.2 mm i.d., film thickness 0.33 μm), initially held at
100°C for 10 min, then programmed from l00 to 300°C at 3°C min-1, then held at 300°C for
18 min, using a gas chromatograph coupled to a mass selective detector run in full scan and
selected ion monitoring modes. Peak identifications were made by evaluation of absolute and
relative retention times and mass spectral data. Recognition of sterenes, 4-methylsteranes,
hopenes and 𝛽𝛽 hopanes* was confirmed by comparison with published data4-8.
Quantitations were performed by the g.c.-m.s. data system, using data acquired by selected
ion monitoring.
*Abbreviations designating stereochemical configurations are as follows: steranes - 𝛼𝛼𝛼
(5𝛼(H), 14𝛼(H), l 7𝛼(H)), 𝛼𝛽𝛽 (5𝛼(H), 14𝛽(H), 17𝛽(H)), 𝛽𝛼𝛼 (5𝛽(H), l4𝛼(H), 17a(H));
hopanes-𝛼𝛽 (17𝛼(H), 21𝛽(H)), 𝛽𝛼 (17𝛽(H), 2l𝛼(H)), 𝛽𝛽 (17𝛽(H), 21𝛽(H)), 17𝛼 (17𝛼(H)),
17𝛽 (17𝛽(H))
RESULTS AND DISCUSSION
Organic petrology
Sample CP is a black shale, containing liptodetrinite associated with bitumen-stained
mineral matter as the principal organic component (Table 1). It also contains minor alginite
(including Botryococcus), pollen, exsudatinite and huminite. Sample JP is a calcareous black
shale, again with the liptodetrinite/bitumen-staining as the major organic component. Alginite
(including Tasmanites and Nostocopsis) is abundant and there is minor huminite and
sporinite. Sample KL is a black shale with liptodetrinite and bitumen-staining again
predominating, along with abundant alginite, including Botryococcus, and minor huminite
and inertinite. Sample MR is a gray 'paper shale' with abundant liptodetrinite/bitumenstaining and alginite (Botryococcus and other types) and lesser amounts of pollen.
The samples are all immature, as witnessed by huminite reflectance values: MR
(0.20% ), JP (0.30% ), KL (0.31 % ) and CP (0.43%). The most mature sample, CP, is the
only one with petrographically measurable amounts of exsudatinite. Exsudatinite is a
secondary maceral, produced during the last stages of diagenesis, prior to the onset of
catagenesis9. In assessing the telalginite populations of both the lacustrine and marine
samples, it was noted that there are two groups: well-preserved, yellow fluorescing and
oxidized, orange fluorescing. The fluorescence data recorded in Table 1 are only those of the
yellow population. Among the lacustrine samples, the fluorescence parameters V-max, Q and
the X chromaticity factor), measured on Botryococcus, all increase with increasing huminite
reflectance (Table 1). Although the reflectance values of samples JP and KL are nearly the
same, fluorescence maturity parameters are all lower in JP. Since microfluorimetric analysis
was performed on Tasmanites in the marine sample JP and on Botryococcus found in
lacustrine sample KL, spectral differences can be attributed to differences in algal type. Best
microfluorimetric maturity assessment is achieved when analysis is limited to one specific
type of liptinite throughout the sample series, as demonstrated by Botryococcus fluorescence
in the Spanish lacustrine specimens.
The low reflectance values in the Cretaceous sample have been attributed previously
to suppression of reflectance by impregnation of the huminite by bitumen of algal origin10.
However, the low values of the fluorescence parameters suggest that the low reflectance
correctly indicates the maturation level.
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Organic geochemistry
With increasing huminite reflectance, yields of extractable organic matter (EOM)
increase from 1.6 to 6.1 mg extract g-1 rock (Table 1). In addition, the percentage of saturate
hydrocarbons in the extracts increases from 11 to 40%, aromatic hydrocarbons increase from
2 to 25% and polar compounds decrease from 87 to 35%. Although the Jurassic marine and
Cretaceous lacustrine samples have approximately the same reflectance and EOM values, the
ratio of saturate to aromatic hydrocarbons in the lacustrine sample (1.6) is more than twice
that in the marine (0.7). Saturates predominant over aromatics in all the lacustrine samples
(Table 1).
The n-alkane distributions in all three lacustrine samples are indicative of a waxy
character, with n-alkane maxima between C27 and C31 (Figure 2). The odd carbon number
preference is very strong in sample MR, moderate in sample KL and weak in sample CP,
corresponding to an increase in maturation. The marine sample JP has a balanced distribution
of n-alkanes, with no distinct maximum in the C16 to C33 range, except for a moderate odd
carbon number preference between C28 and C32 (Figure 1). Pristane/phytane ratios are near
unity in the two Mesozoic samples, whereas phytane strongly predominates in the Miocene
sample and pristane is dominant in the Carboniferous shale. The alkane distributions indicate
significant terrestrial organic matter input into all of the lacustrine samples, but only a
moderate terrestrial component in the marine sample. The very high pristane/phytane ratio in
the Miocene shale suggests a strongly reducing depositional environment.
The samples have a complex distribution of hopanoids, reflecting their low
maturation levels. Figure 3 shows the m/z 191 mass chromatogram of the Miocene sample,
which is dominated by 17𝛽 and 𝛽𝛽 hopanes (peaks c, j, r, x) and the C29Δ17(21) hopene (peak
f), as well as several unusual hopenes (peaks l, o, v) previously recognized in Spanish
Miocene phosphatic lacustrine shales5. The 𝛽𝛽 hopanes are also strong in the Cretaceous
sample, but the neohopenes (peaks d and i) are the most important olefins. The C29, C30 and
C31 𝛼𝛽 hopanes (peaks e, h, q) are also prominent. In the Jurassic marine sample, C30 and C31
𝛼𝛽 hopanes (peaks h and q) are dominant. Hopenes and 𝛽𝛽 hopanes are present, but only as
minor constituents. In the Carboniferous lacustrine sample, the C30 𝛼𝛽 hopane is preeminent. The 22S and R pairs of the C31, C32 and C33 𝛼𝛽 hopanes are nearly at equilibrium
concentrations (peaks p and q, t and u, y and z), indicating that this sample has experienced
the earliest stages of thermal maturation and is nearing the oil window. Neohopanes persist in
this sample, although in lower concentrations than the less mature lacustrine sample KL. The
presence of hopenes in sample CP also indicates that the sample has not yet reached the oil
window. A minor peak (𝛾) is tentatively identified as gammacerane in this sample, which, if
true, suggests that the Carboniferous lake waters were saline at the time of deposition. The
relative maturity of the samples, as determined by reflectance and microfluorimetry, is
supported by the hopanoid distributions. As maturation increases, the 𝛽𝛽 hopanes andΔ17(21)
hopenes are superseded by 𝛼𝛽 hopanes and Δ13(18) neohopenes and the concentrations of 22S
𝛼𝛽 hopanes increase relative to 22R. The neohopanes also diminish as oil window maturity is
approached.
The distributions of steranes in the samples are shown on m/z 217 mass
chromatograms in Figure 4. In the Miocene sample, the C27 homologues are the most
abundant in both the 𝛼𝛼𝛼 20R and 𝛽𝛼𝛼 series (peaks h and e). The C28 are the least abundant
(peaks l and j). Peak g, probably a C27 sterene, and peak n, tentatively identified as a C29
steradiene, are also prominent. The presence of 𝛽𝛼𝛼 steranes, sterenes and the lack of 𝛼𝛼𝛼
20S and 𝛼𝛽𝛽 steranes attest to the low maturity level of this sample. The Cretaceous sample
is also characterized by the dominance of 𝛼𝛼𝛼 20R and 𝛽𝛼𝛼 steranes, although in this case,
the C29 homologues predominate. An interesting feature of this sample is the strong presence
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of C28, C29 and C30 4-methylsteranes (peaks k, m, p, r, t, u), with the C30 homologues
dominating. This occurrence closely resembles that of the immature Eocene lacustrine oil
shales of China4,6 , in which the methylsteranes are attributed to dinoflagellate input. The
sterane distributions in the Jurassic and Carboniferous samples are similar. The 𝛼𝛼𝛼 20R
steranes are the most important, of which the C29 (peak q) has a slight dominance. C27, C28
and C29 diasteranes (peaks a, b, c, d, f, i) and 5𝛽 steranes are also important. As in the other
samples, the presence of the 𝛽𝛼𝛼 steranes and the low concentration of 𝛼𝛼𝛼 20S and 𝛼𝛽𝛽
steranes bear witness to the immaturity of these samples. The appearance of diasteranes
indicates that the earliest stages of maturation have begun.
The biological markers of samples JP and KL indicate that, although their organic
matter types are very different, they are at about the same low maturity level. In particular,
the samples are similar in their ratio of 22S to 22R C32 𝛼𝛽 hopanes, their contents of 𝛽𝛼𝛼
steranes and their lack of 𝛼𝛼𝛼 20S and 𝛼𝛽𝛽 steranes (Figures 3 and 4). Sample KL is
relatively enriched in 𝛽𝛽 hopanes, which suggests a slightly lower maturity. Huminite
reflectance also indicates that the two samples are of the same maturity. Alginite fluorescence
maturity parameters have lower values in sample JP than in KL, in apparent contradiction to
the geochemical and reflectance results. In this case, however, the spectral differences are
attributed to the different algal types in the two samples, not to differences in maturation.
CONCLUSIONS
The Spanish oil shales are of diverse geographical location, geological age and
depositional environment. The petrographic observations show a dominance of liptodetrinite
associated with bitumen-stained mineral matter and alginite, as well as a paucity of structured
terrestrial organic matter. Telalginite is predominantly Botryococcus in the lacustrine
samples, whereas it is Tasmanites in the marine shale. Geochemical work shows that the
soluble organic matter is a mixture of terrestrially derived and aquatic, with the lacustrine
samples having the strongest land plant signatures. Dinoflagellate input is inferred from the
presence of 4-methylsteranes in the Cretaceous lacustrine sample. Low values of reflectance
and fluorescence maturity parameters and the presence of thermally unstable biological
markers indicate that the samples are all immature, although the Carboniferous sample is
approaching the oil window. Microfluorimetric maturity assessment is optimized in immature
samples if measurements are restricted to a single liptinite maceral type, such as
Botryococcus in the Spanish lacustrine shales.
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Figure 1. Map of Spain showing sample locations.

Table 1. Organic petrographic and geochemical results.
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Figure 2. Distributions of normal and isoprenoid alkanes, based on quantitations of m/z 99
mass chromatograms. Numerals are n-alkane carbon numbers. PR, pristane; PH, phytane
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Figure 3. Partial m/z 191 mass chromatograms showing distributions of hopanes and
hopenes. See Table 2 for peak identifications

Table 2. Peak identifications for m/z 191 mass chromatograms in Figure 3
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Figure 4. Partial m/z 217 mass chromatograms showing steranes and sterenes. See Table 3
for peak identification

Table 3. Peak identifications for m/z 217 mass chromatograms in Figure 4
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